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Correct reconstruction of the velocity distribution of the near earth’s surface is 
very important in solving static corrections problem of the seismic data. The usual 
travel time tomography method is based on geometrical ray theory, however, it 
assumes that the seismic wave has very high frequency, which often makes the 
tomographic inversion have ill posed problem because of the sparse ray distribution in 
the model space and finally affects the reliability and resolution of the tomographic 
results. Actually, seismic wave is band limited in frequency, and its energy comes 
from one Fresnel volume connecting source point and receiving point instead of a 
geometrical ray, so it’s supposed that travel time tomography which is based on 
Fresnel volume have much better tomographic results in contrast with what of the 
ray-based tomography. In order to overcome the limitation of the travel time 
tomography based on geometrical ray theory and improve the reliability and 
resolution of the tomographic results, we mainly develop a lot of research on travel 
time tomography method with Fresnel volume in this paper, and have got some 
achievements. 
 Firstly, we study the calculation method of Fresnel volume and influence 
coefficient of the points in the volume to the travel time. Then, we study the 
tomographic inversion method based on influence weight coefficient of the points in 
the Fresnel volume, and finally develop the travel time tomography method with 
two-dimensional Fresnel volume. Numerical experiment results of several models 
prove that the method is correct, and it increases the coverage and its number of times 
of the model space, improves inversional rate of convergency, efficiency of the 
tomography calculation, resolution and reliability of the tomographic results. 
Secondly, in order to resolve the problems such as great calculation account and 
memory space of three-dimensional tomography, we study an approximate calculation 
method of three-dimensional Fresnel volume. We study the calculation function of 














We study a parallel algorithm of tomographic inversion and finally develop the travel 
time tomography method with three-dimensional Fresnel volume and homologous 
parallel algorithm. Numerical experiment results of the models prove this 
tomograpthy method has all the excellent features on the travel time tomography 
method with two-dimensional Fresnel volume. Besides, we analyze the influence on 
the tomographic results and inversional rate of convergency with different frequencies 
of the Fresnel volume tomography, and then develop a method by using variational 
frequencies in the processing of tomography inversion with Fresnel volume. 
Numerical experiment results of the models prove it can properly improve the 
inversional rate of convergency, the resolution and reliability of the tomographic 
results. 
 Based on the theory and research work above, the softwares of travel time 
tomography with two-dimensional and three-dimensional Fresnel volume are 
developed by using C++ programming language, which contain simulation model 
construction, ray tracing and travel time calculation, tomography inversion calculation, 
and displaying of model and velocity data. We processe actual seismic data of 
different complex areas using the softwares, and get their tomographic velocity results. 
Then, we use the velocity results to calculate the static corrections and nestification 
processing, which proves that the tomography method with Fresnel volume has better 
results of static corrections in contrast with what of the field and ray-based 
tomography. 
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间速度结构调查为研究对象。1979 年,Dines 和 Lytle[2]首先对地震层析成像做了
大量数值模拟, 并首先将层析成像(Computerized Geophysical Tomography) 这一
名词用于论文的标题。在地震勘探研究领域，自从在亚特兰大召开的第 54 届地
球物理勘探学家协会(SEG)年会上设置了地震层析成像研究内容的专题后，地震






































=∑                         （1-1） 
其中 it 表示走时， N 表示网格数目， ijl 表示了第 i条射线在第 j 个网格中的射线
路径长度， js 表示第 j 个网格的慢度值。走时层析成像的目的就是由测量的走时
it 重构介质的慢度 js 。 
 





















术来计算射线路径 l和旅行时 t； 
 第三步是根据前二步的结果建立旅行时反演的线性方程式。根据式 1-1，对
于所有的射线而言，可以表示成如下矩阵方程形式： 
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